Abstract
I. THE EIGENFUNCTIONS AND THE LIN-EAR ORBIT PARAMETERS transfer matrix, T (s,
It can be shown [2] that the eigenfunctions are solutions of the equations of motions, and that 
then it will be shown that one can find the transfer matrix
. U is a 4 x 4 matrix and xi is a 4 x 1 column vector.
Eq. (4) 
Eq. (7) shows that knowing the eigenfunctions xi is equivalent to knowing the transfer matrix T ( s , s o ) . Eq. (7) also shows that T ( s , s o ) is symplectic as it is the product of two symplectic matrices, V (s) and SO).
B. Relationship Between Eigenfunctions and the Linear Orbit Parameters
The eigenfunctions will now be related to the 10 linear orbit parameters for the coupled motion.
In two dimensions, the eigenfunction is related to the 3 orbit parameters p, a, 11, by and 22 = 2;. x1 obeys the normalization condition
In four dimensions, one can go from the coordinates, x,p,,y,p, to an uncoupled set of coordinates v,p,,u,pu the normal coordinates, by the transformation 
It can then be shown that the eigenfunction of U , vi, and the eigenfunctions of T are related by
The v coordinates are uncoupled, so the vi eigenfunctions can be written down using Eq. To further illustrate how expressions for the eigenfunctions can be used to compute the linear obit parameters, consider the problem of finding & , the beta function of the normal mode with VI, assuming that the eigenfunctions are known (see section 11).
The eigenfunction x1 may be written as
(19)
. , which gives the two relations where ph (211) means the phase of 211. can be found from Eq. (21) and one can find is known, one can find coscp from Eq. (21). One may note that the results for the tune v1 and v 2 comes directly out of solving the equations of motion for the eigenfunctions (see section 11).
To find the emittance e l from the eigenfunctions, one can use the relationship 
PERTURBATION SOLUTIONS FOR THE EIGENFUNCTIONS
The skew quadrupole field is described by a1 (s). On the median plane, the field B, is given by
where Bo is the main dipole field. p is the radius of curvature of the main dipole.
The solutions of Eq. The results for the eigenfunctions, Eq. (24) were found by solving the equations of motion to first order terms in a l . It has been assumed that U,, V, the unperturbed tune, is close to the coupling resonance V, = V, + p and the V, -V, -p can be considered to be small, of the same order as al. This last assumption allows the equations to be simplified and it is the case of most interest to us.
(24) have now to be chosen so that the eigenfunctions are properly normalized, which means the eigenfunctions can be then The two modes appear to be decoupled.
..
If I v , -V, -pl << IAvI, one finds . . . .
The two modes appear completely coupled. Examples of using the eigenfunction approach to compute the linear orbit parameters are given in Ref. 4,7. V. REFERENCES
